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(54) Color image-forming device 

(57) In conventional color digital copy machines, 
when copying in color mode, the polygon mirror of the 
laser beam scanner for black, which is driven at a higher 
speed than those ol the other colors, is switched to a 
slower speed in conformity with the speed of the polygon 
mirrors for the other colors. However, a drawback of this 
structure is that, especially when switching from mono- 
chrome to color mode, the time required to obtain the 
first copy is lengthened, and the operating efficiency of 
copying is poor. In the present invention, when copying 
in color mode, the rotation speed of the polygon mirror 
of the laser scanner unit for black is not changed at all, 
but, by skipping certain mirror surfaces of the polygon 
mirror, and/or by skipping certain of a plurality of laser 
light sources, the scanning density of the laser scanner 
unit for black can be brought into conformity with that of 
the laser scanner units for the other colors. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a color image- 
forming device, such as a color digital copy machine, 
which, based on color digital image signals, forms color 
images using a plurality of laser recording sections. 

BACKGROUND OF THE INVENTION 

[0002] In color image-forming devices such as color 
digital copy machines, generally, an image of a color 
original, inputted through a scanner, undergoes prede- 
termined image processing to color separate and color 
convert the image into image data for each color, and a 
color printer section, which reproduces the image by im- 
age data for each color, outputs an image of the color 
original. 

[0003] In addition, recently color digital copy ma- 
chines have appeared on the market which, for high- 
speed reproduction of high-resolution color originals, in- 
clude an image-forming device which uses laser record- 
ing scanning. In color digital copy machines of this type, 
by means of a laser deflection scanning section provid- 
ed in each laser recording section, laser light modulated 
in accordance with digital image signals is guided to and 
performs scanning of a photoreceptor. The chief mem- 
bers of this laser deflection scanning unit are a rotating 
polygon mirror (hereinafter referred to as the "polygon 
mirror") and a motor which rotates the polygon mirror at 
high speed. 

[0004] Further, recently color digital copy machines 
have appeared on the market which, in order to improve 
repeatability of black and of the color image as a whole, 
are typically provided with a Bk (black) recording section 
in addition to Y (yellow), M (magenta), and C (cyan) re- 
cording sections. For this reason, a monochrome mode 
is provided in addition to color mode, and thus both color 
and monochrome copying are possible. 
[0005] In this kind of color digital copy machine, mon- 
ochrome copying is set to be performed faster than color 
copying. This is because, in the case of, for example, 
the multiple revolution process method, which uses a 
single photoreceptor, color copying is a four-color proc- 
ess and monochrome copying a one-color process, and 
thus monochrome copying is necessarily faster. It is also 
due to the much greater frequency of monochrome over 
color copying. 

[0006] In the tandem method, which uses a plurality 
of photoreceptors, unlike the multiple revolution process 
method, color and monochrome copying are performed 
at the same speed, but in order to respond to the de- 
mand for faster monochrome than color copying, proc- 
ess speeds such as surface speed of the photoreceptor, 
transport speed of the recording paper, etc., and the op- 
erating speed of the laser recording section which in- 
cludes the laser scanning unit for black, are set faster 



than in the color mode. 

[0007] In this case, the rotation speed of the motor 
which rotates the polygon mirror of the laser scanning 
unit of the laser recording section for black is switched 
5 between two speeds, one for monochrome mode and 
one for color mode. Further, if, during waiting, the motor 
is rotated at a waiting speed slower than that during 
color mode copying, the motor must be controlled by 
switching among three speeds. 

10 [0008] In contrast, Japanese Unexamined Patent 
Publication No. 4-247418/1992 (Tokukaihei 4-247418) 
discloses a structure, in a monochrome laser printer, for 
reducing scanning density by skipping certain surfaces 
of the polygon mirror. 

is [0009] However, with the foregoing color digital copy 
machines structured so as to switch the speed of the 
motor of the laser recording section, a problem arises 
due to switching the speed of the motor which rotates 
the polygon mirror. When switching between mono- 

20 chrome and color modes (especially from monochrome 
to color), it takes a long time to obtain the first copy. 
[0010] In other words, in switching the motor speed of 
the laser recording section for black, when monochrome 
mode is switched to color mode, it is necessary to bring 

25 the motor speed of the laser recording section for black 
into conformity with the motor speed of the laser record- 
ing sections for color, and to synchronize their mirror 
surfaces, but it takes a long time to attain this synchro- 
nization. 

30 [0011] This is because it is difficult to stabilize the mo- 
tor speed of the polygon mirror when its speed is re- 
duced from the high-speed monochrome mode to the 
low-speed color mode, and this stabilization requires a 
great amount of time. As a result, the start of copying 

35 immediately after switching the copy mode is delayed, 
and the time required to obtain the first copy is length- 
ened. Incidentally, with conventional technology, motor 
speed stabilizes relatively quickly when motor speed is 
increased. 

40 

SUMMARY OF THE INVENTION 

[0012] It is an object of the present invention to pro- 
vide, in a color digital copy machine having a mono- 
45 chrome mode and a color mode, a color image-forming 
device able to improve the efficiency of copying opera- 
tions by making switching between the two modes 
smoother. 

[0013] In order to attain the foregoing object, an im- 
50 age-forming device according to the present invention 
includes an image-forming section, provided with a re- 
cording section for color image formation and a record- 
ing section for monochrome image formation, each of 
which performs optical scanning of a photoreceptor by 
55 using a rotating polygon having a reflective mirror on at 
least one surface thereof to guide to the photoreceptor 
light modulated in accordance with image information; 
the image-forming section forming an image based on 



BNSDOCID: <EP 089841 5A2_I_> 



2 



EP0 898 415 A2 



image information formed on the photoreceptor; and 
process speed switching means, which switch process 
speed of the image-forming section such that process 
speed during forming of monochrome images is faster 
than during forming of color images; in which the record- 
ing section for monochrome image formation is provided 
with a first scanning mode, which corresponds to a high 
process speed, and a second scanning mode, which 
corresponds to a low process speed, and which per- 
forms scanning with a scanning density equivalent to 
that of the recording section for color image formation, 
without changing rotation speed of the rotating polygon 
having a reflective mirror on at least one surface thereof. 
In this structure, during forming of color images (in color 
mode), the process speed switching means switch to a 
process speed slower than that during forming of mon- 
ochrome images (in monochrome mode), and the laser 
recording section for monochrome image formation us- 
es the second scanning mode, which performs laser 
scanning with a scanning density equivalent to that of 
the recording section for color image formation, without 
changing the rotation speed of the rotating polygon hav- 
ing a reflective mirror on at least one surface thereof. 
Thus it is possible to switch instantaneously from mon- 
ochrome to color mode. Further, in monochrome mode, 
the process speed switching means switch to the faster 
process speed, and the laser recording section for mon- 
ochrome image formation uses the first scanning mode 
corresponding to a high process speed, without chang- 
ing the rotation speed of the rotating polygon. Thus it is 
possible to switch instantaneously from color to mono- 
chrome mode. 

[0014] Accordingly, when switching between mono- 
chrome and color mode, and in particular when switch- 
ing from monochrome mode to color mode, the time re- 
quired to obtain the first copy can be shortened, and the 
efficiency of copying operations can be improved. 
[0015] Additional objects, features, and strengths of 
the present invention will be made clear by the descrip- 
tion below. Further, the advantages of the present in- 
vention will be evident from the following explanation in 
reference to the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] Figure 1 is a flow-chart showing operation 
steps during copying in a color digital copy machine ac- 
cording to a first embodiment of the present invention. 
[0017] Figure 2 is an overall structural drawing of the 
foregoing color digital copy machine. 
[0018] Figure 3 is a block diagram showing the circuit 
structure of an image processing section of the forego- 
ing color digital copy machine. 

[0019] Figure 4 is a block diagram showing a control 
system of the foregoing color digital copy machine. 
[0020] Figure 5 is a plan view showing the structure 
of an operating panel section of the foregoing color dig- 
ital copy machine. 



[0021] Figure 6 is an explanatory drawing showing the 
structure of a laser beam scanner unit (for yellow) of the 
foregoing color digital copy machine. 
[0022] Figure 7 is an explanatory drawing showing 
s another structure for a laser beam scanner unit (for yel- 
low) of the foregoing color digital copy machine. 
[0023] Figure 8 is an explanatory drawing showing the 
overall structure of four laser beam scanner units of the 
foregoing color digital copy machine. 
10 [0024] Figure 9 is an explanatory drawing showing a 
BD signal and timing for producing laser scanning trig- 
gers in a monochrome mode (first scanning mode) of 
the loregoing color digital copy machine. 
[0025] Figures 1 0(a) and 1 0(b) are explanatory draw- 
ls ings showing BD signals and timings for producing laser 
scanning triggers in a color mode (second scanning 
mode) of the foregoing color digital copy machine. 
[0026] Figure 11 is an explanatory drawing showing a 
BD signal and another timing for producing laser scan- 
20 ping triggers in the color mode (second scanning mode) 
of the foregoing color digital copy machine. 
[0027] Figures 12 (a) through 12 (c) are explanatory 
drawings showing specific examples of shapes for a pol- 
ygon mirror of the laser beam scanner unit for black pro- 
2B vided in the foregoing color digital copy machine, and 
showing surfaces to be used of the polygon mirror of 
each shape. 

[0028] Figure 13 is a flow-chart showing operation 
steps during copying in a color digital copy machine ac- 
30 cording to a second embodiment of the present inven- 
tion. 

[0029] Figure 14 is an explanatory drawing showing 
a pentagonal polygon mirror provided in the foregoing 
color digital copy machine. 

35 [0030] Figure 15 is a flow-chart showing operation 
steps during copying in a color digital copy machine ac- 
cording to a third embodiment of the present invention. 
[0031] Figure 16 is a flow-chart showing operation 
steps during copying in a color digital copy machine ac- 

40 cording to a fourth embodiment of the present invention. 
[0032] Figure 17 is a flow-chart showing operation 
steps during copying in a color digital copy machine ac- 
cording to a fifth embodiment of the present invention. 
[0033] Figure 18 is an explanatory drawing showing 

45 the structure of a laser beam scanner unit (for black) of 
the foregoing color digital copy machine. 
[0034] Figure 19 is a flow-chart showing operation 
steps during copying in a color digital copy machine ac- 
cording to a sixth embodiment of the present invention. 

so [0035] Figure 20 is a flow-chart showing operation 
steps during copying in a color digital copy machine ac- 
cording to a seventh embodiment of the present inven- 
tion. 



55 
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DESCRIPTION OF THE EMBODIMENTS 
(FIRST EMBODIMENT) 

[0036] The following will explain one embodiment of 
the present invention with reference to the Figures. 
[0037] As shown in Figure 2, the color image-forming 
device according to the present embodiment is a color 
digital copy machine which includes a copy machine 
main body 1 , on the upper surface of which are provided 
an original plate 11 and an operating panel 60 (see Fig- 
ure 5) to be discussed below, and inside of which are 
provided an image-reading section 10 and an image- 
forming section 20. 

[0038] On the upper surface of the original plate 1 1 is 
installed an automatic original feeding device 12, which 
is supported so that it can be opened and closed with 
respect to the original plate 11 , and which has a prede- 
termined positional relation with the upper surface 
thereof. 

[0039] The automatic original feeding device 12 is a 
recirculating automatic document feeder (RADF) able 
to handle double-sided originals, and transports an orig- 
inal so that one side thereof is placed opposite the im- 
age-reading section 10 at a predetermined location of 
the original plate 11, and, after the image-reading sec- 
tion 10 completes reading of an image from that side of 
the original turns over and transports the original so that 
the other side thereof is placed opposite the image- 
reading section 10 at a predetermined location of the 
original plate 11. Then, after completion of reading of 
images from both sides of an original, the original is dis- 
charged, and operations for transporting and turning 
over another original are executed. The foregoing oper- 
ations for transporting and turning over originals are 
controlled in relation with the operations of the color dig- 
ital copy machine as a whole. 

[0040] The image-reading section 10 is provided be- 
low the original plate 11 , so that it may read an image 
of an original transported to the original plate 11 by the 
automatic original feeding device 12, and includes an 
original scanning body 13, which moves back and forth 
in parallel motion along the lower surface of the original 
plate 1 1 : an optical lens 1 6; and a CCD line sensor 1 7. 
[0041] The original scanning body 1 3 is made up of a 
first scanning unit 14 and a second scanning unit 15. 
The first scanning unit 14, which includes an exposing 
lamp 14a which exposes the image side of an original, 
and a first mirror 14b which deflects in a predetermined 
direction a reflected optical image from the original, 
moves back and forth in parallel motion at a predeter- 
mined scanning speed, maintaining a predetermined 
distance from the lower surface of the original plate 11. 
The second scanning unit 15, which includes second 
and third mirrors 15a and 15b, each of which deflects in 
a predetermined direction the reflected optical image of 
the original deflected by the first mirror 14b of the first 
scanning unit 14, moves back and forth in parallel mo- 



tion, with a predetermined speed relation to the first 
scanning unit 14. 

[0042] The reflected optical image of the original, de- 
flected by the third mirror 15b of the second scanning 
5 unit 15, is reduced by the optical lens 16, thus focusing 
the optical image at a predetermined location, and the 
focused optical image is sequentially photoelectrically 
converted and outputted as electrical signals by the 
three-line CCD (charge coupled device) line sensor 17, 

10 which is a photoelectric conversion element. Then, the 
original image information, converted into electrical sig- 
nals by the CCD line sensor 17, is transferred to an im- 
age processing section, to be discussed below, where 
it undergoes predetermined processing as image data. 

is [0043] The following will explain the image-forming 
section 20 of the copy machine main body 1. 
[0044] In the lower part of the image-forming section 
20 is provided a paper supply structure 21 , in which pa- 
per P, stacked in a paper tray, is supplied one sheet at 

20 a time toward the laser recording sections to be dis- 
cussed below. Then, the transport timing of the paper P, 
supplied one sheet at a time, is controlled by a pair of 
resist rollers 22 provided prior to the laser recording sec- 
tions. Further, during double-sided copying, in concert 

25 with the operations of the laser recording sections, the 
resist rollers 22 re-supply to the laser recording sections 
the paper P with an image formed on one side thereof, 
which has been turned over. 

[0045] Above the paper supply structure 21 of the im- 

30 age-forming section 20, a transfer transport belt struc- 
ture 23 is provided substantially horizontally. In the 
transfer transport belt structure 23, the paper P is elec- 
trostatically attached to and transported by a transfer 
transport belt 26 stretched between a driving roller 24, 

35 a driven roller 25, and other rollers. 

[0046] In the downstream transport direction from the 
transfer transport belt structure 23 is provided a fixing 
device 27, for fixing to the paper P a toner image trans- 
ferred thereto. The paper P which has passed through 

40 a fixing roller nip of the fixing device 27 passes through 
a transport direction switching gate 28 and is discharged 
by a discharge roller 29 into a discharge tray 30 attached 
to the outer wall of the copy machine main body 1 . 
[0047] The switching gate 28 selectively switches the 

4 5 paper transport channel so that the paper P after fixing 
is either discharged to the exterior of the copy machine 
main body 1 or resupplied toward the image-forming 
section 20. Paper P sent back toward the image-forming 
section 20 by the switching gate 28 is turned over by 

so passing through a switchback transport channel 31 , and 
is then re-supplied to the image-forming section 20. 
[0048] Above and in close proximity to the transfer 
transport belt 26 of the image-forming section 20 are 
provided, adjacent to one another, first, second, third, 

55 and fourth image-forming stations PY, PM, PC, and PBk, 
respectively, in that order from the upstream paper 
transport direction. 

[0049] The transfer transport belt 26 is friction driven 
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by the driving roller 24 in the direction of the arrow 2 in 
Figure 2, and, as mentioned above, holds the paper P 
supplied from the paper supply structure 21 and trans- 
ports it to each image-forming station PY, PM, PC, and 
PBk, in that order. 

[0050] The image-forming stations PY, PM, PC, and 
PBk have, in practice, the same structure, and include 
photoreceptor drums 32Y, 32M, 32C, and 32Bk, respec- 
tively, which are rotated in the direction of the arrows in 
Figure 2. Around the circumference of each photorecep- 
tor drum 32Y through 32Bk are provided, in order in the 
rotation direction thereof, chargers 33Y, 33M, 33C, and 
33Bk, which give each photoreceptor drum 32Y through 
32Bk a uniform charge; developing devices 34Y, 34M, 
34C, and 34Bk, which develop the electrostatic latent 
images formed on the respective photoreceptor drums 
32Y through 32Bk; transfer dischargers 35Y, 35M, 35C, 
and 35Bk, which transfer the respective developed ton- 
er images to the paper P; and cleaning devices 36Y, 
36M, 36C, and 36Bk, which remove remaining toner 
from the respective photoreceptor drums 32Y through 
32Bk. 

[0051] Further, above the photoreceptor drums 32Y 
through 32Bk are provided laser beam scanner units (la- 
ser recording sections) 37Y, 37M, 37C, and 37Bk : re- 
spectively, each of which is made up of the following 
members (not shown): a semiconductor laser element, 
which produces dot light modulated in accordance with 
the image data; a deflector device, which deflects the 
light from the semiconductor laser element in a primary 
scanning direction; an fG lens, which focuses the light 
deflected by the deflector device onto the photoreceptor 
drum; etc. 

[0052] Pixel signals corresponding to a yellow com- 
ponent image of the color original image are inputted to 
the laser beam scanner unit 37Y, and respective pixel 
signals corresponding to magenta, cyan, and black 
component images are inputted to the laser beam scan- 
ner units 37M, 37C, and 37Bk, respectively. 
[0053] By this means, electrostatic latent images cor- 
responding to color-converted original image informa- 
tion are formed on the photoreceptor drums 32Y through 
32Bk of the respective laser recording sections, and, 
since the developing devices 34Y, 34M, 34C, and 34Bk 
of the respective laser recording sections hold yellow 
toner, magenta toner, cyan toner, and black toner re- 
spectively, the original image information color convert- 
ed by each laser recording section is reproduced as ton- 
er images of each color. The detailed structure of the 
laser beam scanner units 37Y, 37M, 37C, and 37Bk, 
along with explanation of parts distinctive to the present 
embodiment, will be discussed later. 
[0054] Further, between the paper supply structure 21 
and the first image-forming station PY is provided a pa- 
per attachment charger 38, made of a brush. The paper 
attachment charger 38 charges the surface of the trans- 
fer transport belt 26. By this means, the paper P supplied 
from the paper supply structure 21 is securely attached 



to the transfer transport belt 26 and is transported from 
the first image-forming station PY through the fourth im- 
age-forming station PBk without becoming misaligned. 
[0055] Almost directly above the driving roller 24 be- 
s tween the fourth image-forming station PBk and the fix- 
ing device 27 is provided a charge eliminating discharg- 
er (not shown), to which is applied an alternating current 
for separating the paper P from the transfer transport 
belt 26 to which it is electrostatically attached. 
io [0056] In a color digital copy machine with the forego- 
ing structure, cut sheets of paper are used for the paper 
P. When a sheet of paper P is sent from the paper tray 
and supplied between guides of the paper supply trans- 
port channel of the paper supply structure 21 , the front 
is end of the paper P is detected by a sensor (not shown), 
and, by means of a detecting signal from the sensor, the 
paper P is temporarily stopped by the resist rollers 22. 
[0057] Then, in the case of color mode, the timing of 
supply of the paper P to the transfer transport belt 26 is 
20 synchronized with the timing of operating the image- 
forming stations PY, PM, PC, and PBk. The transfer 
transport belt 26 is rotating in the direction of the arrow 
Z in Figure 2. Again, in the case of monochrome mode, 
the paper P is sent to the transfer transport belt 26 in 
25 synchronization with the timing of operating the fourth 
image-forming station PBk. At this time, the transfer 
transport belt 26 has been given a predetermined 
charge by the attachment charger 38, and thus the pa- 
per P is transported stably as it passes the image-form- 
30 ing stations PY, PM, PC, and PBk. 

[0058] In color mode, each image-forming station PY, 
PM, PC, and PBk forms a toner image of its respective 
color, which is transferred to the surface of the paper P 
electrostatically attached to and transported by the 
35 transfer transport belt 26, and when transfer of the im- 
age from the fourth image-forming station PBk is com- 
plete, the paper P, beginning with its front end, is sepa- 
rated from the transfer transport belt 26 by the charge 
eliminating discharger and guided to the fixing device 
40 27. After fixing, the paper P with the toner image fixed 
thereon is discharged through a paper discharge open- 
ing into the discharge tray 30. 

[0059] In monochrome mode, on the other hand, only 
the fourth image-forming station PBk forms a toner im- 

45 age in black, which is transferred to the surface of the 
paper P electrostatically attached to and transported by 
the transfer transport belt 26, and then, after fixing of 
the toner image as above, the paper P is discharged. 
[0060] In the color digital copy machine according to 

50 the present embodiment, copying speed differs for mon- 
ochrome and color modes, with copying speed in mon- 
ochrome mode set faster than that in color mode. For 
this reason, in monochrome mode, process speeds 
such as the speed of the transfer transport belt 26, the 

55 surface speed of the photoreceptor drum 32Bk of the 
fourth image-forming station PBk used in monochrome 
copying, etc. are set faster than process speeds in color 
mode. Further, in the laser beam scanner unit 37Bk of 
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the fourth image-forming station PBk used in mono- 
chrome copying, two scanning modes are set. In a first 
scanning mode, during monochrome copying, a black 
toner image is formed on the photoreceptor drum 32Bk 
at a higher speed than toner images are formed in the 
first, second, and third image-forming stations PY, PM, 
and PC. In a second scanning mode, on the other hand, 
during color copying, a black toner image is formed on 
the photoreceptor drum 32Bk at the same speed as ton- 
er images are formed in the first, second, and third im- 
age-forming stations PY, PM, and PC. 
[0061] The following will explain, with relerence to 
Figure 3, the structure and operations of an image 
processing section installed in the color digital copy ma- 
chine, which performs image processing of color image 
information. 

[0062] As shown in Figure 3, the image processing 
section is made up of an image data input section 40, 
an image data processing section (ICU: image control 
unit) 41, an image data output section 42, an image 
memory 43, a print control unit (hereinafter referred to 
as tt PCLT) 44, an image editing section 45, and an ex- 
ternal interface (l/F) section 46. 

[0063] The image data input section 40 is made up of 
the foregoing three-line CCD line sensor 17 (see Figure 
2), which reads a color original image and outputs line 
data which is color separated into YMC (yellow, magen- 
ta, cyan) color components; a shading correcting circuit 
40a, which corrects the line image level of line data read 
by the CCD line sensor 1 7; a line combining section 40b, 
made of a line buffer, etc. which corrects misalignment 
of image line data read by the CCD line sensor 17; a 
sensor color correcting section 40c, which corrects color 
data of the line data for each color outputted from the 
CCD line sensor 17; an MTF (modulation transfer func- 
tion) correcting section 40d, which corrects variation in 
the signals for each pixel so as to impart modulation; a 
y correcting section 40e, which performs visibility cor- 
rection by correcting light and dark of the image; etc. 
[0064] The image data processing section 41 is made 
up of a color domain correcting circuit 41a, which cor- 
rects color reproducing domains of color image signals 
inputted through the image data input section 40 or 
through the external interface section 46 to be dis- 
cussed below, into color reproducing domains in the 
color toners of the image-forming section 20; a masking 
circuit 41b, which converts RGB (red, green, blue) sig- 
nals of inputted image data into YMC signals tailored to 
the image-forming stations PY, PM, PC, and PBk of the 
image-forming section 20; a black detecting circuit 41c, 
which detects a black component from color image RGB 
signals inputted through the image data input section 40 
or through the external interface section 46 to be dis- 
cussed below; an under-color removal/black plus (UCR/ 
BP) circuit 41d, which performs under-color removal 
processing (detecting of black based on the YMC sig- 
nals outputted from the masking circuit 41b) and black 
plus processing (adding a black component signal out- 



putted from the black detecting circuit 41c); a density 
processing circuit 4 1 e, which adjusts density of the color 
image signals based on a density conversion table; a 
variable magnification processing circuit 41 f, which per- 

5 forms magnification conversion of the inputted image in- 
formation based on a set magnification factor; a sepa- 
ration/screening circuit 41 g, which, based on the input- 
ted image data, performs domain separation by detect- 
ing character, photograph, and halftone dot domains of 

io the image information, and determines an output pattern 
for the image; etc. 

[0065] The image data output section 42 is made up 
of a laser control (LSU CONT) unit 104, which performs 
pulse-width modulation based on the image data for 

15 each color, and the aforementioned laser beam scanner 
units (LSUs) 37Y, 37M, 37C, and 37Bk (see Figure 2), 
which perform laser recording based on the pulse-width 
modulated signals, corresponding to the image data for 
each color, outputted by the laser control unit 104. 

20 [0066] The image memory 43 is made up of a main 
memory 43b made of a RAM (random access memory) 
such as a semiconductor memory; four hard disks (HDs) 
43Y, 43M, 43C, and 43Bk, each made of a rotating mem- 
ory medium; and a hard disk control (HD CONT) unit 

2S 43a, which controls the hard disks 43Y through 43Bk. 
[0067] Each of the hard disks 43Y through 43Bk 
stores 8-bit, four-color image data of a single color. 
[0068] Eight-bit, four-color (32-bit) image data serially 
outputted by the image data processing section 41 is 

30 sequentially received and temporarily stored in a buffer 
by the hard disk control unit 43a. The hard disk control 
unit 43a converts the 32-bit data to 8-bit, four-color im- 
age data, and, in order to store the image data sepa- 
rately by color, outputs the 8-bit, four-color image data 

35 in parallel to the respective hard disks 43Y, 43M, 43C, 
and 43Bk. 

[0069] The PCU 44, made of a CPU (central process- 
ing unit), controls the image data input section 40, the 
image data processing section 41 , the image data out- 

40 put section 42, the image memory 43, and the image 
editing section 45 and the external interface section 46 
to be discussed below, on the basis of a predetermined 
sequence, and also controls the color digital copy ma- 
chine as a whole. 

45 [0070] The image editing section 45 performs prede- 
termined image editing of image data temporarily stored 
in the image memory 43, which has passed through the 
image data input section 40 and the image data 
processing section 41 , or the external interface section 

so 46 to be discussed below. 

[0071] The external interface section 46 is a commu- 
nications interface means for receiving image data from 
an external image input processing device 2 provided 
separately from the color digital copy machine. Image 

55 data inputted from the external interface section 46 is 
also first inputted into the image data processing section 
41 , which performs color domain correction, etc. in order 
to convert this external data to a data level which can 
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be handled by the image-forming section 20 of the color 
digital copy machine, and is then stored in the hard disks 
43Y, 43M, 43C, and 43Bk. 

[0072] The color digital copy machine is controlled by 
the PCU 44. The control system for control by the PCU 
44 is as shown in Figure 4. 

[0073] As shown in Figure 4, to the PCU 44 are con- 
nected a desk-related load, an RADF-related load, an 
operating substrate unit 47, a sorter control unit 48, a 
scanner-related load, a printer-related load, and the im- 
age data processing section 41 . 

[0074] The PCU 44 manages the foregoing sections 
by means of sequence control, and, during control, out- 
puts control signals to each section. The desk-related 
load is the load of motors, clutches, etc. of devices other 
than the copy machine main body 1 . i.e., of a multi-cas- 
sette paper supply unit and the sorter of a post -process- 
ing device (not shown). The RADF-related load is the 
load of motors, clutches, switches, etc. of the automatic 
original feeding device (RADF) 1 2. The scanner-related 
load is the load of motors, solenoids, etc. of the image- 
reading section 10. The sorter control unit 48 includes 
a CPU, and controls the operations of the sorter based 
on control signals from the PCU 44. The printer-related 
load is the load of motors, solenoids, high-voltage power 
source, etc. of the image-forming section 20. 
[0075] Further, in the color digital copy machine ac- 
cording to the present embodiment, the PCU 44 also 
functions as process speed switching means, which, in 
controlling the printer-related load, as will be discussed 
below, switch process speeds in accordance with the 
respective copying speeds of monochrome and color 
modes, and also switch the scanning mode of the black 
laser beam scanner unit 37Bk between the first and sec- 
ond scanning modes, thereby realizing the foregoing 
monochrome and color modes. 

[0076] The operating substrate unit 47 is an input sec- 
tion which allows the user to input to the color digital 
copy machine various settings, commands, etc. regard- 
ing copying mode, etc., and includes a CPU. The oper- 
ating substrate unit 47 transfers to the PCU 44 control 
signals corresponding to settings inputted by the user 
regarding, for example, copying mode. 
[0077] Based on the foregoing control signals, the 
PCU 44 operates the color digital copy machine in ac- 
cordance with the foregoing modes. The PCU 44 also 
transfers to the operating substrate unit 47 control sig- 
nals showing the state of operation of the color digital 
copy machine. On the basis of these control signals, the 
operating substrate unit 47 informs the user of the cur- 
rent state of operations of the color digital copy machine 
by displaying that state by means of a display section. 
[0078] An image data communications unit is con- 
nected to the main memory 43b of the image memory 
43, which is connected to the image data processing 
section 41. The image data communications unit in- 
cludes the external interface 46, and is provided to en- 
able data communication of image data, image control 



signals, etc. with other digital information devices. 
[0079] The operating substrate unit 47 is provided 
with an operating panel 60, shown in Figure 5, as an 
input section. In the central portion of the operating pan- 
s el 60 is provided a liquid crystal display device 100, 
which is a touch-panel-type display section. On a portion 
of the screen of the liquid crystal display device 100 is 
provided a screen switching command area 100a. The 
screen switching command area 100a is for input of a 
10 command for switching the screen displayed on the liq- 
uid crystal display device 100 to a screen for selecting 
image editing functions. When the user operates the 
screen switching command area 1 00a by directly press- 
ing with a finger, the screen of the liquid crystal display 
*5 device 100 displays the various editing functions in or- 
der to allow selecting of desired functions. At this time, 
if the user presses, among the display areas of the var- 
ious editing functions, the display area of a desired ed- 
iting function, that editing function is set. 
[0080] Further, on the operating panel 60, at the left 
end in Figure 5, is provided a brightness adjustment dial 
61 , for adjusting the brightness of the screen of the liquid 
crystal display device 100. Between the dial 61 and the 
liquid crystal display device 100 are provided an auto- 
matic magnification setting key 62, a zoom key 63, fixed 
magnification keys 64 and 65 and a full-size key 66, a 
double-sided mode setting key 67, and a post-process- 
ing mode setting key 68. The automatic magnification 
setting key 62 is for setting a mode which automatically 
selects copying magnification, and the zoom key 63 is 
for setting copying magnification in 1 % increments: The 
fixed magnification keys 64 and 65 are for selecting fixed 
copying magnifications, and the full-size key 66 is for 
returning copying magnification to a standard magnifi- 
cation (full size). The double-sided mode setting key 67 
is for setting a double-sided copying mode, and the post- 
processing mode setting key 68 is for setting an oper- 
ating mode of a post-processing device which sorts cop- 
ies discharged by the color digital copy machine. 
[0081] Further, below the liquid crystal display device 
100 in Figure 5 are provided a density switching key 70, 
a density adjustment key 71 , and a tray selection key 72. 
[0082] The density switching key 70 is for switching 
copying density adjustment from automatic to manual 
or photograph mode, and the density adjustment key 71 
is for fine adjustment of density level in manual mode or 
photograph mode. The tray selection key 72 is for se- 
lecting a desired paper size from among sizes of paper 
set in the paper trays of the color digital copy machine. 
[0083] Further, to the right of the liquid crystal display 
device 1 00 in Figure 5 are provided copy quantity setting 
keys 73, a clear key 74, a copy start key 75, a clear all 
key 76, an interrupt copying key 77, an operating guide 
key 78, a message scroll key 79, a memory transmission 
mode key 80, a copy/fax mode switching key 81, and 
one-touch dial keys 82. 

[0084] The copy quantity setting keys 73 are for set- 
ting the number of copies to be made, and the clear key 
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74 is operated to clear the number of copies set or to 
stop successive copying. The copy start key 75 is for 
commanding commencement of copying, and the clear 
all key 76 is for cancelling all modes currently set and 
returning to a standard state. The interrupt copying key s 
77 is operated when, during successive copying, the us- 
er wishes to copy a different original. The operating 
guide key 78 is operated when the user does not under- 
stand how to operate the color digital copy machine, and 
when this is operated, the method of operating the color to 
digital copy machine is displayed on the liquid crystal 
display device 1 00, The message scroll key 79 switches 
messages displayed by operation of the operating guide 
key 78 by scrolling. 

[0085] The memory transmission mode key 80, the is 
copy/fax mode switching key 81 , and the one-touch dial 
keys 82 are setting keys relating to facsimile mode. The 
memory transmission mode key 80 is for commanding 
that an image be first stored in memory and then trans- 
milled. The copy/fax mode switching key 81 switches ?o 
the mode of the color digital copy machine between 
copy and facsimile mode. The one-touch dial keys 82 
are for dialing, with one-touch operation, telephone 
numbers which have previously been stored in the color 
digital copy machine. 25 
[0086] Incidentally, the foregoing structure of the op- 
erating panel 60 as regards the types and arrangement 
of the various keys is merely one example, and may vary 
according to the various functions of which the color dig- 
ital copy machine is capable. 30 
[0087] Next, structural points distinctive to the color 
digital copy machine according to the present embodi- 
ment will be discussed in detail. 

[0088] First, the structure of the laser beam scanner 
units 37Y, 37M, 37C, and 37Bk will be explained in detail 35 
with reference to Figures 6 through 8. However, the la- 
ser beam scanner unit 37Y, to which image signals cor- 
responding to a yellow component image are inputted, 
will be explained as an example here, and since each 
of the other laser beam scanner units 37M, 37C, and 40 
37Bk has an equivalent structure, explanation thereof 
will be omitted. 

[0089] As shown in Figure 6, in the laser beam scan- 
ner unit 37Y, laser light is emitted by a laser projecting 
section (laser light source(s)) 101Y, deflected by a ro- 45 
tating polygon mirror (hereinafter referred to as "polygon 
mirror") 102Y, which rotates at high speed, projected 
through a lens system 103Y, and scans the photorecep- 
tor drum 32Y The role of the lens system 103Y is to 
deflect the laser light deflected from the polygon mirror so 
102Y, which rotates with motion of angular velocity, so 
that the light is able to scan the photoreceptor drum 32Y 
with linear motion of constant velocity. An integrally 
structured driving motor 109Y rotates the polygon mirror 
102Y in the direction of the arrow Y in the Figure, thus ss 
causing the laser light deflected thereby to scan in the 
direction of the arrow W in the Figure. In the present 
embodiment, the polygon mirror 102Y has the shape of 



a hexagon having six mirror surfaces, and thus a max- 
imum of six laser scans can be made with one rotation 
of the polygon mirror 102Y. 

[0090] Further, the laser beam scanner unit 37Y is 
controlled by a laser control unit 104 provided externally 
thereto. The laser control unit 104 is provided with an 
oscillator 105 which produces a base clock, and the la- 
ser control unit 104, based on the base clock, produces 
a driving clock corresponding to a predetermined 
number of rotations of the polygon mirror 102Y needed 
during image recording, and provides this driving clock 
to the laser beam scanner unit 37Y, and also controls 
starting and stopping of rotation, waiting, etc. 
[0091] In the interior of the laser beam scanner unit 
37 are provided a motor control circuit 106Y, which re- 
ceives signals from the laser control unit 104, and a 
tachogenerator 107Y, which continually monitors the 
number of rotations of the polygon mirror 102Y The mo- 
tor control circuit 1 06Y continually compares the driving 
clock received from the laser control unit 104 with a sig- 
nal received from the tachogenerator 107Y, and per- 
forms power control of the driving motor 109Y such that 
the polygon mirror 102Y rotates at a constant velocity 
of a predetermined number of rotations per minute. 
[0092] Further, the laser beam scanner 37Y is inter- 
nally provided with a beam detector (hereinafter referred 
to as "BD") 108Y, which is a sensor which senses the 
laser light at a position prior to the position at which writ- 
ing of the laser light is commenced. The BD 108Y out- 
puts a BD signal expressing an active level each time 
the sensor senses that the laser light has arrived at the 
writing commencement position. By means of a BD sig- 
nal received from the BD 108Y, the laser control unit 1 04 
is informed that the laser light has reached the writing 
commencement position, and normally, each time a BD 
signal is detected, the laser control unit 104 executes 
writing by providing the laser projecting section 101Y 
with a writing signal corresponding to image data. 
[0093] Incidentally, Figure 6 shows a structure provid- 
ed with a single laser projecting section 1 01 , but a struc- 
ture like that shown in Figure 7 is also possible, in which 
a plurality (two in Figure 7) of laser projecting sections 
101 Y 1 and 101 Y 2 are provided, thereby enabling writing 
of a plurality of lines with a single scan. 
[0094] Laser beam scanner units 37Y, 37M, 37C, and 
37 Bk with the foregoing structure are provided above 
the transfer transport belt 26 (see Figure 2), in the order 
yellow, magenta, cyan, black, as shown in Figure 8, and 
the laser control unit 104, based on the base clock pro- 
duced by the oscillator 105, produces and distributes 
driving clocks to each of the motor control circuits 106Y, 
106M, 106C, and 106Bkof the laser beam scanner units 
37Y, 37M, 37C, and 37Bk, respectively. 
[0095] As mentioned above, in this kind of color digital 
copy machine, it is customary to set monochrome cop- 
ying speed faster than color copying speed. For this rea- 
son, the driving clocks distributed to the laser beam 
scanner units 37Y, 37M, and 37C for yellow, magenta, 
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and cyan, respectively, are the same, and a driving clock 
of higher speed, i.e., higher frequency, is provided to the 
laser beam scanner unit 37Bk for black. 
[0096] Consequently, the polygon mirrors 102Y, 
102M, and 102C of the laser beam scanner units 37Y, 
37M, and 37C for yellow, magenta, and cyan, respec- 
tively, are rotated at the same speed, and the polygon 
mirror 102Bk of the laser beam scanner unit 37Bk for 
black is rotated at a higher speed than the other polygon 
mirrors 102Y, 102M, and 102C. 

[0097] However, when the laser beam scanner unit 
37Bk, provided with the polygon mirror 102Bk which is 
rotated at a higher speed than those of the other colors, 
is used in color mode, it is necessary to bring the scan- 
ning density thereof into conformity with the scanning 
density of the laser beam scanner units 37Y, 37M, and 
37C for the other colors. Conventionally, a structure 
much used was one which brought the respective scan- 
ning densities into conformity by reducing the high rota- 
tion speed of the polygon mirror 1 02Bk of the laser beam 
scanner unit 37Bk for black to bring it into conformity 
with the rotation speed of the polygon mirrors 102Y, 
102M, and 102C of the laser beam scanners 37Y, 37M, 
and 37C for the other colors. 

[0098] In contrast, in the color digital copy machine 
according to the present embodiment, the rotation 
speed of the polygon mirror 102Bk of the laser beam 
scanner unit 37Bk for black is not changed at all, but by 
skipping certain mirror surfaces thereof, the respective 
scanning densities of the laser beam scanner unit 37Bk 
for black and the laser beam scanner units 37Y, 37M, 
and 37C for the other colors are brought into conformity. 
[0099] In other words, two scanning modes are set in 
the laser beam scanner unit 37Bk for black: a first scan- 
ning mode : for monochrome copying at high copying 
speed, in which scanning is performed using all of the 
mirror surfaces of the polygon mirror 102Bk, and a sec- 
ond scanning mode, for color copying at low copying 
speed, in which some of the mirror surfaces of the pol- 
ygon mirror 102Bk are not used, i.e., are skipped. 
[0100] The following will explain, based on the flow- 
chart in Figure 1 and with reference to Figures 2 and 8, 
operation steps during copying in the color digital copy 
machine, with special attention to control operations for 
performing color copying by bringing the scanning den- 
sity of the laser beam scanner unit 37Bk for black into 
conformity with that of the laser beam scanner units 37Y, 
37M, and 37C for the other colors by skipping certain 
mirror surfaces of the polygon mirror 102Bk. 
[0101] First, in initial setting, the various loads neces- 
sary in copying operations are returned to initial posi- 
tions or perform initial operations (S1). 
[0102] Next, after the user inputs the number of mirror 
surfaces (a predetermined value) of the polygon mirror 
102Bk to be used in the second scanning mode (S2), 
the inputted value is stored in a predetermined memory 
area of the main memory 43b (S3). Input of the number 
of surfaces is performed by the user in a simulation 



mode entered by operating a specific key on the oper- 
ating panel shown in Figure 5. 

[0103] The number of surfaces inputted by the user 
here is determined by the total number of mirror surfac- 
s es of the polygon mirror 1 02Bk and a ratio of the process 
speed of monochrome mode to the process speed of 
color mode. In other words, when the laser projecting 
sections 101 Y, 101M, 101C, and 101Bkof each laser 
beam scanner unit 37Y, 37M, 37C, and 37Bk use equal 

10 numbers of laser light sources, the ratio between the 
process speeds of the respective modes is equivalent 
to the ratio between the rotation speed of the polygon 
mirror 102Bk for black and the rotation speed of the pol- 
ygon mirrors 1 02Y, 1 02M, and 1 02C for the other colors. 

is Accordingly, if the process speed of monochrome mode 
is set to, for example, double the process speed of color 
mode, the scanning densities of the respective modes 
can be made equivalent by using three of the six mirror 
surfaces of the polygon mirror 102Bk. Accordingly, the 

20 user inputs "3." 

[0104] Incidentally, in the present explanation, the to- 
tal number of mirror surfaces of the polygon mirror 
102Bk and the respective process speeds of color and 
monochrome modes are values fixed in advance. 

25 [0105] After input of the number of surfaces to be 
used, operations wait until there is a command to begin 
copying (S4), and upon detection of the user's command 
for commencement of copying, image information of the 
original is read by conducting a p re-scan thereof (S5), 

30 and it is determined from the result of the pre-scan 
whether to use color or monochrome mode (S6). In oth- 
er words, when the read original is a color original, color 
mode is determined, and when it is a monochrome orig- 
inal, monochrome mode is determined. 

35 [0106] Here, when monochrome mode is determined, 
in order to inform the laser control unit 1 04 of the writing 
commencement position for each surface of the polygon 
mirror 102Bk, the BD 108Bk of the laser beam scanner 
unit 37Bk is turned ON (S7), and the laser control unit 

40 1 04 is set so as to produce, as shown in Figure 9, a laser 
scanning trigger (i.e., a control signal) each time a BD 
signal corresponding to a surface of the polygon mirror 
1 02Bk is detected (S8). In this way, the laser beam scan- 
ner unit 37Bk for black is prepared for copying opera- 

45 tions in the first scanning mode, which uses all surfaces 
of the polygon mirror 102Bk. 

[0107] When preparations for copying operations in 
the first scanning mode are complete, the motor control 
circuit 106Bk performs rotation control of the driving mo- 
50 tor 109Bk which rotates the polygon mirror 102Bk (S9), 
and sets the process speed to that for monochrome 
mode (S10). 

[0108] Then copying operations are performed in the 
first scanning mode (S1 5), and when completion of cop- 
55 yjng operations is detected (S1 6), operations are ended. 
[0109] When color mode is determined in S6, on the 
other hand, each BD 108Y, 108M, 108C, and 108Bk is 
turned ON so as to detect BD signals, thus informing the 
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laser control unit 104 of the writing commencement po- 
sition for each surface of the polygon mirrors 102Y, 
102M, 102C, and 102Bk (S11). Then, the laser control 
unit 104 is set as follows (S12). 

[0110] Namely, for the laser beam scanner units 37Y, s 
37M, and 37C for yellow, magenta, and cyan, the laser 
control unit 104 is set so as to produce, as shown in 
Figure 10(a), a laser scanning trigger each time a BD 
signal corresponding to a surface of the polygon mirror 
102Y, 102M, or 102C is detected. For the laser beam 10 
scanner unit 37Bk for black, on the other hand, the laser 
control unit 1 04 is not set so as to produce a laser scan- 
ning trigger each time a BD signal corresponding to a 
surface of the polygon mirror 102Bk is detected. In- 
stead, as shown in Figure 10(b), here the laser control is 
unit 104 is set so as to skip some BD signals, i.e., so as 
to produce, for each rotation of the polygon mirror 
102Bk, laser scanning triggers equal in number to the 
number of surfaces to be used, which was stored in a 
memory area of the main memory 43b in S3 above. 20 
More specifically, the laser control unit 104 is set so that, 
after producing a laser scanning trigger in response to 
detection of a BD signal, it ignores one BD signal, and 
then produces the next laser scanning trigger when the 
following BD signal is detected. Accordingly, the number 2s 
of BD signals skipped for each rotation of the polygon 
mirror 102Bk is equal to the total number of mirror sur- 
faces of the polygon mirror 1 02Bk minus the number of 
surfaces used, i.e., equal to the number of surfaces not 
used. 30 
[0111] In this way, preparations are made for copying 
operations in the second scanning mode, which uses all 
surfaces of the polygon mirrors 102Y, 102M, and 102C 
for yellow, magenta, and cyan, and uses three of the six 
surfaces of the polygon mirror 1 02Bk for black. 3S 
[0112] Then, the motor control circuits 106Y, 106M, 
106C, and 106Bk perform rotation control and synchro- 
nization of the driving motors 109Y, 109M, 109C, and 
109Bk, respectively, which rotate the polygon mirrors 
102Y, 102M, 102C, and 102Bk, respectively (S13), and 40 
the process speed is set to that for color mode (S14). 
[0113] Then copying operations are performed in the 
second scanning mode (S15), and when completion of 
copying operations is detected (S16) : operations are 
ended. 45 
[0114] In this way, in the color digital copy machine 
according to the present embodiment, rotation speed of 
the polygon mirror 1 02Bk of the laser beam scanner unit 
37Bk for black is not changed at all, but by skipping cer- 
tain mirror surfaces thereof, the scanning density of the so 
laser beam scanner unit 37Bk is brought into conformity 
with that of the other laser beam scanner units 37Y, 37M, 
and 37C. 

[01 1 5] Accordingly, the time required to obtain the first 
copy can be shortened, and the efficiency of copying ss 
operations improved, in comparison with the conven- 
tional structure in which the respective scanning densi- 
ties of the laser beam scanner units for black and for the 



other colors are brought into conformity by reducing the 
speed of the high-speed polygon mirror for black to the 
same speed as the polygon mirrors for the other colors. 
[0116] Further here, when three of the six mirror sur- 
faces of the hexagonal polygon mirror 102Bk are used, 
the timing of producing laser scanning triggers is one in 
which each laser scan has the same cycle (pattern 1 in 
Figure 11), and an equal number of surfaces are skipped 
between each pair of surfaces used. Accordingly, there 
is no difference in scanning density, even on the micro 
level. In contrast, if, for example, the timing of producing 
laser scanning triggers is one in which each laser scan 
has a different cycle (such as pattern 2 or 3 in Figure 
11), scanning density is equivalent on the macro level 
(since three surfaces are used), but on the micro level, 
unevenness in scanning density arises. 
[0117] Further by skipping surfaces as in pattern 1 
above, the surfaces used are not adjacent, and thus suf- 
ficient time can be devoted to performing image 
processing of data from one surface of a polygon mirror 
Accordingly, this data can be handled without using an 
expensive image processing substrate capable of high- 
speed processing, thus contributing to reduction of 
costs, and the timing of control operations can be con- 
trolled comparatively easily. 

[0118] Further here, copying speed in monochrome 
mode is double that in color mode (in other words, proc- 
ess speed in monochrome mode is double that in color 
mode, and the speed of the polygon mirror 1 02Bk of the 
laser beam scanner unit 37Bk, which is used in both 
monochrome and color mode, is set to double the speed 
of the polygon mirrors 102Y, 102M, and 102C for the 
other colors), and each of the polygon mirrors 102Y, 
102M, 102C, and 102Bk is hexagonal. In such a struc- 
ture, in order to bring the scanning density of the laser 
beam scanner unit 37Bk into conformity with that of the 
other laser beam scanner units 37Y, 37M, and 37C, u 3" 
is inputted in S3, every other surface of the polygon mir- 
ror 102Bk is used, and three laser scans are performed 
for every rotation thereof. 

[0119] However, if the color digital copy machine is a 
type capable of changing (in, for example, the above- 
mentioned simulation mode) the respective process 
speed settings for color and monochrome modes and/ 
or the respective rotation speeds of the polygon mirrors 
102Y, 102M, 102C, and 102Bk, any number of mirror 
surfaces of the polygon mirror 102Bk may be used, pro- 
vided that the surfaces skipped are not adjacent, and 
that the intervals between surfaces used (the number of 
surfaces skipped therebetween) are equivalent. In other 
words, the number of surfaces used may be any divisor 
of the total number of surfaces of the polygon mirror 
102Bk (except for a value equal to the total number of 
mirror surfaces). For xample, when the polygon mirror 
is square, as shown in Figure 1 2(a), every fourth surface 
is used if "1° is inputted, and every other surface if n 2 n 
is inputted. When the polygon mirror is hexagonal, as 
shown in Figure 12(b), every sixth surface is used if T 
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is inputted, every third surface if "2" is inputted, and eve- 
ry other surface if "3" is inputted. When the polygon mir- 
ror is octagonal, as shown in Figure 12(c), every eighth 
surface is used if "1" is inputted, every fourth surface if 
"2" is inputted, and every other surface if "4" is inputted. 5 
[0120] However, in this case, the respective process 
speeds of monochrome and color modes, and the 
speeds of the polygon mirrors 102Y, 102M, 102C, and 
1 02Bk, should preferably be set so that a plurality of sur- 
faces among the total surfaces of each polygon mirror io 
are used once every predetermined cycle. This is be- 
cause in a structure in which, for example, one prede- 
termined surface among the plurality of surfaces is 
used, since the same surface is used every predeter- 
mined cycle, uneven deflection of that surface markedly 1$ 
appears in the copy image, and image distortion arises 
due to the uneven deflection in the primary scanning di- 
rection. 

[0121] For this reason, when a polygon mirror 102 is 
square, it is preferable to use two surfaces thereof; when 20 
a polygon mirror is hexagonal; it is preferable to use two 
surfaces, and even more preferably three surfaces 
thereof; when a polygon mirror 102 is octagonal, it is 
preferable to use two surfaces, and even more prefera- 
bly four surfaces thereof. 25 

(SECOND EMBODIMENT) 

[01 22] The following will explain another embodiment 
of the present invention with reference to Figures 1 3 and 30 
14. Here, for ease of explanation, members having the 
same function as members of the first embodiment 
above will be given the same reference symbols, and 
explanation thereof will be omitted. 

[0123] The foregoing embodiment was a structure in 36 
which the number of mirror surfaces to be used was in- 
putted by the user. For this reason, if the color digital 
copy machine is, for example, a type capable of chang- 
ing, in the above-mentioned simulation mode, the set 
process speeds of color and monochrome mode and/or 40 
the rotation speeds of the polygon mirrors 102Y, 102M, 
102C, and 102Bk, the number of mirror surfaces of the 
polygon mirror 102Bk used may be any divisor of the 
total number of surfaces of the polygon mirror 102Bk 
(except for a value equal to the total number of mirror 
surfaces). 

[0124] However, if the polygon mirrors 102Y, 102M, 
102C, and 102Bk of the laser beam scanner units 37Y, 
37M, 37C, and 37Bk have an odd number of surfaces, 
such as five or seven, with the foregoing inputting of the so 
number of surfaces to be used, the polygon mirror 
1 02Bk for black, which rotates at twice the speed of the 
other polygon mirrors 1 02Y, 1 02M, and 1 02C, cannot be 
brought into conformity with the scanning speed of the 
other polygon mirrors, tn other words, with a pentagonal 55 
polygon mirror, for example, the only number of surfaces 
to be used which can be inputted is "1 ," and when one 
surface is used, the copying speed in monochrome 



mode is five times that in color mode. 
[01 25] In this kind of structure provided with a pentag- 
onal polygon mirror, in order to realize a setting like that 
of the first embodiment, in which copying speed in the 
monochrome mode is double that in the color mode, it 
is sufficient to use a structure in which, not the number 
of surfaces to be used, but a BD signal pattern is input- 
ted. 

[01 26] In other words, it is sufficient to set the BD sig- 
nal pattern to "1/2, u so that, with the pentagonal polygon 
mirror 102Bkfor black shown in Figure 14, whose rota- 
tion speed is set to double that of the polygon mirrors 
for the other colors, the surface used changes as fol- 
lows: n a^c^e^b^d->a-^..."By this means, 
one scanning trigger can be produced for every two BD 
signals detected. In this way whether the total number 
of mirror surfaces is odd or even, it is possible to use 
every other surface. 

[01 27] Therefore, in the color digital copy machine ac- 
cording to the present embodiment, the number of sur- 
faces to be used in the second scanning mode is not 
inputted, but instead the BD signal pattern is inputted. 
Other than this point, the present color digital copy ma- 
chine has the same structure as that according to the 
first embodiment above. 

[0128] The flow-chart in Figure 13 shows copying op- 
eration steps with inputting of a BD signal pattern in- 
stead of the number of polygon mirror surfaces to be 
used. In S22, when the user, in a simulation mode, in- 
puts a BD signal pattern of "1/2," this BD signal pattern 
is stored in a predetermined memory area of the main 
memory 43b (S23). Incidentally, in the present explana- 
tion, a structure with a pentagonal polygon mirror is 
used, and the copying speed in monochrome mode has 
previously been set to double the copying speed in color 
mode. 

[0129] Then, in S32, the laser control unit 104 is set 
so that, in the laser beam scanner unit 37Bk for black, 
a laser scanning trigger is produced, not for every BD 
signal detected, but according to the BD signal pattern 
"1/2" inputted in S23, and preparations are made to per- 
form copying operations in the second scanning mode. 
[0130] Except for S22, S23, and 532 3 the operations 
in S21 through S36 of the flow-chart shown in Figure 13 
are equivalent to the operations in SI through S16 (ex- 
cept for S2, S3, and S1 2) of the flow-chart shown in Fig- 
ure 1 , and accordingly explanation thereof will be omit- 
ted. 

(THIRD EMBODIMENT) 

[01 31] The following will explain a further embodiment 
of the present invention with reference to Figures 8 and 
15. Here, for ease of explanation, members having the 
same function as members of the first and second em- 
bodiments above will be given the same reference sym- 
bols, and explanation thereof will be omitted. 
[0132] In the color digital copy machines in the first 
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and second embodiments above, in the second scan- 
ning mode, laser scanning triggers were produced skip- 
ping certain BD signals according to a set number of 
mirror surfaces to be used, or according to a set BD sig- 
nal pattern. However, in a color digital copy machine ac- s 
cording to the present embodiment, a scanning clock for 
the first scanning mode, in which all of the mirror surfac- 
es are used (first scanning clock) is produced, and, by 
dividing the first scanning clock, a scanning clock for the 
second scanning mode (second scanning clock) is pro- io 
duced, and laser scanning triggers are produced ac- 
cording to this scanning clock. 

[0133] The flow-chart in Figure 15 shows operating 
steps during copying in the color digital copy machine 
according to the present embodiment. is 
[01 34] After performing, in S41 , initial setting like that 
in S1 in the flow-chart in Figure 1 , in S42, the laser con- 
trol unit 104 produces the first scanning clock. This is 
the scanning clock for performing laser scanning using 
all of the mirror surfaces of the polygon mirror 102Bk of 20 
the laser beam scanner unit 37Bk, and is produced on 
the basis of a base clock received from, for example, 
the oscillator 105, using the rotation speed and total 
number of surfaces of the polygon mirror 102Bk. 
[01 35] Then, in S53, for the laser beam scanner units 25 
37Y, 37M, and 37C for yellow, magenta, and cyan, the 
laser control unit 104 is set so as to produce a laser 
scanning trigger each time a BD signal corresponding 
to a surface of the polygon mirror 1 02Y, 1 02M, or 1 02C 
is detected. For the laser beam scanner unit 37Bk for 30 
black, on the other hand, the laser control unit 1 04, using 
one of the detected BD signals, designates the begin- 
ning of the first scanning clock, and then produces the 
second scanning clock for the second scanning mode 
by dividing the first scanning clock by the number of sur- 3S 
faces designated in S43 (or, of course, by a BD signal 
pattern, as explained in the second embodiment), and 
the laser control unit 104 is set so as to produce laser 
scanning triggers according to the second scanning 
clock. In this way, preparations for copying in the second 40 
scanning mode are made. 

[0136] Except for S42 and S53 explained above, the 
operations in S41 through S57 of the flow-chart shown 
in Figure 15 are equivalent to the operations in S1 
through S16 (except for SI 2) of the flow-chart shown in 45 
Figure 1, and accordingly explanation thereof will be 
omitted. 

[0137] In the processing in S49 of the flow-chart in 
Figure 1 5, for setting the timing of producing laser scan- 
ning triggers for performing copying in the first scanning so 
mode, just as in the first and second embodiments 
above, a laser scanning trigger is produced each time 
a BD signal corresponding to a surface of the polygon 
mirror 102Y, 102M, or 102C is detected, but, alternative- 
ly, the beginning of the first scanning clock may be des- ss 
ignated using one of the BD signals, and laser scanning 
triggers may be produced in synchronization with the 
first scanning clock. 



[0138] The foregoing structure, in which a first scan- 
ning clock is produced, and a second scanning clock is 
produced by dividing the first scanning clock, is not in- 
fluenced by uneven detection by the BDs 108, and, pro- 
vided the operating state is normaL with few fine fluctu- 
ations, etc., scanning timing can be controlled more pre- 
cisely than when skipping certain BD signals, as in the 
structures in the first and second embodiments above. 

(FOURTH EMBODIMENT) 

[01 39] The following will explain a further embodiment 
of the present invention with reference to Figure 16. 
Here, for ease of explanation, members having the 
same function as members of the first, second, and third 
embodiments above will be given the same reference 
symbols, and explanation thereof will be omitted. 
[0140] The distinctive feature of the color digital copy 
machine according to the present embodiment is that 
the number of surfaces of the polygon mirror 1 02Bk (the 
BD signal pattern) to be used in the second scanning 
mode is automatically computed from the difference in 
process speeds of the color and monochrome modes, 
and the second scanning clock is produced by dividing 
the first scanning clock using that number of surfaces 
(BD signal pattern). 

[0141] The flow-chart in Figure 16 shows operating 
steps during copying in the color digital copy machine 
according to the present embodiment. 
[0142] In S62, as in S42 of the flow-chart shown in 
Figure 15, the laser control unit 104 produces the first 
scanning clock. Then, if the color mode is determined 
in S65, operations proceed to S70, where each BD 
108Y, 108M, 108C, and 108Bk is turned ON so as to 
detect BD signals, thereby informing the laser control 
unit 104 of the writing commencement position for each 
surface of the polygon mirrors 102Y, 102M, 102C, and 
102Bk. 

[0143] Then, in S71 , the number of mirror surfaces to 
be used in the laser beam scanner unit 37Bk for black 
in the second scanning mode is computed using a ratio 
between the process speeds of the monochrome and 
color modes. Here, as in the first embodiment, the proc- 
ess speed of the monochrome mode is set to double 
that of the color mode, and each of the polygon mirrors 
102Y, 102M, 102C, and 102Bk is hexagonal, and thus 
the number of surfaces to be used, computed by dividing 
the total number of mirror surfaces by the process speed 
ratio, is three. 

[0144] In S72, as in S53 of the flow-chart shown in 
Figure 15, for the laser beam scanner units 37Y, 37M, 
and 37C for yellow, magenta, and cyan, the laser control 
unit 104 is set so as to produce a laser scanning trigger 
each time a BD signal corresponding to a surface of the 
polygon mirror 102Y, 102M,or102C is detected. For the 
laser beam scanner unit 37Bk for black, on the other 
hand, the laser control unit 1 04, using one of the detect- 
ed BD signals, designates the beginning of the first 
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scanning clock, and then produces the second scanning 
clock for the second scanning mode by dividing the first 
scanning clock by the number of surfaces computed in 
S71 (or, of course, by a BD signal pattern, as explained 
in the second embodiment), and the laser control unit s 
104 is set so as to produce laser scanning triggers ac- 
cording to the second scanning clock. In this way, prep- 
arations for copying in the second scanning mode are 
made. 

[0145] Except for S62, S71, and S72 explained 10 
above, the operations in S61 through S76 of the flow- 
chart shown in Figure 16 are equivalent to the opera- 
tions in S1 through S1 6 (except for S1 2) of the flow-chart 
shown in Figure 1, and accordingly explanation thereof 
will be omitted. is 

(FIFTH EMBODIMENT) 

[01 46] The following will explain a further embodiment 
of the present invention with reference to Figures 5, 6, 20 
17 f and 18. Here, for ease of explanation, members hav- 
ing the same function as members of the foregoing em- 
bodiments will be given the same reference symbols, 
and explanation thereof will be omitted. 
[0147] In the color digital copy machine according to 25 
the present embodiment, each of the laser beam scan- 
ner units 37Y, 37M, and 37C for yellow, magenta, and 
cyan ; respectively, is provided with a single laser pro- 
jecting section 101Y 101 M, and 101C, respectively, as 
shown in Figure 6, while the laser beam scanner unit 30 
37Bk for black is provided with a plurality (two here) of 
laser projecting sections 101 Bk-, and 1 01 Bk 2 , as shown 
in Figure 18. In monochrome mode, the laser beam 
scanner unit 37Bk for black scans two lines simultane- 
ously using both laser projecting sections lOIBk-, and 35 
101 Bk 2 (first scanning mode), and in color mode, scans 
one line at a time using only the laser projecting section 
101 Bk 1 (or the laser projecting section 101 Bk 2 ), just as 
in the other laser beam scanner units 37Y, 37M, and 37C 
(second scanning mode), thus bringing the scanning 40 
density of the laser beam scanner unit 37Bk for black 
into conformity with that of the other laser beam scanner 
units 37Y, 37M, and 37C, without changing the rotation 
speed of the polygon mirror 102Bk. 

[01 48] I n th is case, the polygon mirror 1 02Bk for black 45 
can be driven at the same low speed as the polygon 
mirrors 102Y, 102M, and 102C for the other colors, and 
accordingly, problems such as delay of the first copy due 
to switching the speed of the polygon mirror 102Bk for 
black do not occur, and the operating efficiency of cop- so 
ying can be improved. 

[0149] The flow-chart in Figure 17 shows operating 
steps during copying in the color digital copy machine 
according to the present embodiment. 
[0150] First, in initial setting, the various loads neces- 55 
sary in copying operations are returned to initial posi- 
tions or perform initial operations (S81). 
[0151] Next, after the user designates which of the la- 



ser projecting sections 101 or 10lBk 2 (discretion- 
ary) is to be used in the second scanning mode (S82), 
the designated laser projecting section 101Bk is stored 
in a predetermined memory area of the main memory 
43b (S83). Designation of which laser projecting section 
101 Bk is performed by the user in a simulation mode 
entered by operating a specific key on the operating 
panel shown in Figure 5. Here : assume that the user 
designates the laser projecting section 101 Bk v 
[0152] The number of laser projecting sections 101Bk 
which can be designated by the user here is determined 
by the number of laser projecting sections 1 01 Y, 1 01 M, 
and 101C used in the laser beam scanner units 37Y, 
37M, and 37C for the other colors. Here, since each la- 
ser beam scanning unit uses one laser projecting sec- 
tion, the number of laser projecting sections 101Bk 
which can be designated is one. 
[01 53] After designation of the laser projecting section 
101 Bk to be used, operations wait until there is a com- 
mand to begin copying (S84). Upon detection of the us- 
er's command for commencement of copying, image in- 
formation of the original is read by conducting a pre- 
scan thereof (S85), and it is determined from the result 
of the pre-scan whether to use color or monochrome 
mode (S86). In other words, when the read original is a 
color original, color mode is determined, and when it is 
a monochrome original, monochrome mode is deter- 
mined. 

[01 54] Here, when monochrome mode is determined, 
in order to inform the laser control unit 1 04 ol the writing 
commencement position for each surface of the polygon 
mirror 102Bk, the BD 108Bk of the laser beam scanner 
unit 37Bk is turned ON (S87), and the laser control unit 
104 is set so as to produce a laser scanning trigger each 
time a BD signal corresponding to a surface of the pol- 
ygon mirror 102Bk is detected, and so as to use all of 
the laser projecting sections 101Bk (here, 101 Bk-, and 
101 Bk 2 ) (S88). In this way, the laser beam scanner unit 
37Bk for black is prepared for copying operations in the 
first scanning mode, which uses all of the laser project- 
ing sections 101 Bk (101 B^ and 101 Bf^). 
[0155] When preparations for copying operations in 
the first scanning mode are complete, the motor control 
circuit 106Bk performs rotation control of the driving mo- 
tor 109Bk which rotates the polygon mirror 102Bk (S89), 
and sets the process speed to that for monochrome 
mode (S90). 

[0156] Then copying operations are performed in the 
first scanning mode (S95), and when completion of cop- 
ying operations is detected (S96), operations are ended. 
[01 57] When color mode is determined in S86, on the 
other hand, each BD 108Y, 108M, 108C, and 108Bk is 
turned ON so as to detect BD signals, thus informing the 
laser control unit 104 of the writing commencement po- 
sition for each surface of the polygon mirrors 102Y, 
102M, 102C, and 102Bk, (S91). Then, the laser control 
unit 104 is set as follows (S92). 

[01 58] Namely, for all of the laser beam scanner units 
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37 Y, 37M, 37C, and37Bk for yellow, magenta, cyan, and 
black, respectively, the laser control unit 104 is set so 
as to produce a laser scanning trigger each time a BD 
signal corresponding to a surface of the polygon mirror 
102Y, 102M, 102C, or 102Bk is detected, and the laser s 
beam scanner unit 37Bk tor black is set so as to use 
only the laser projecting section(s) 1 01 Bk designated by 
the user in S82 (here, the laser projecting section 
101 Bk^. 

[01 59] I n this way, preparations are made for copying io 
operations in the second scanning mode, in which each 
of the laser beam scanner units 37Y, 37M, and 37C for 
yellow, magenta, and cyan, respectively, uses (of 
course) a single laser projecting section 101Y, 101 M, 
and 101 C, respectively, and the laser beam scanner unit is 
37Bk for black uses only the laser projecting section 
101 B^ of the two laser projecting sections 101 Bk-, and 
101 Bk 2 . 

[0160] Then, the motor control circuits 106Y, 106M, 
106C, and 106Bk perform rotation control and synchro- 20 
nization of the driving motors 109Y, 109M, 109C, and 
109Bk, respectively, which rotate the polygon mirrors 
102Y, 102M, 102C, and 102Bk, respectively (S93), and 
the process speed is set to that for color mode (S94). 
[0161] Then copying operations are performed in the 2s 
second scanning mode (S95), and when completion of 
copying operations is detected (S96) ; operations are 
ended. 

[01 62] Alternatively, if each of the laser beam scanner 
units 37 Y, 37M, and 37C for the other colors is provided 30 
with, for example, two laser projecting sections 101Y, 
101 M, and 101C, respectively, and there are six laser 
projecting sections 101Bk, the scanning density for 
black can be brought into conformity with that for the 
other colors by using any two of the laser projecting sec- 35 
tions 101Bk. However, in the same way as explained 
above with regard to the manner of skipping mirror sur- 
faces of the polygon mirror 102Bk, if, of the six laser 
projecting sections 101 Bk, two adjacent laser projecting 
sections 101Bk are used, although scanning density is 40 
the same on a macro level, there is a difference in scan- 
ning density on the micro level. Accordingly, it is prefer- 
able to skip an equal number of laser projecting sections 
101 Bk between each pair of used laser projecting sec- 
tions 101 Bk. 45 
[0163] Incidentally, when the polygon mirror for black 
is driven at high speed, the scanning densities of the 
laser recording section for monochrome and the laser 
recording section(s) for color may also be equalized by 
using a combination of skipping laser light sources and so 
skipping mirror surfaces. 

(SIXTH EMBODIMENT) 

[0164] The following will explain a further embodiment ss 
of the present invention with reference to Figure 19. 
Here, for ease of explanation, members having the 
same function as members of the first and fifth embod- 



iments above will be given the same reference symbols, 
and explanation thereof will be omitted. 
[0165] In the color digital copy machine according to 
the fifth embodiment above, in the second scanning 
mode, of the total laser projecting sections 101Bk 
(lOIBk! and l01Bk 2 ), only a designated laser projecting 
section 1 01 Bk (in the fifth embodiment, 1 01 Bk-, ) is used. 
However, using only the laser projecting section 101 B^ 
in the second scanning mode leads to the problem that 
its life is shortened in comparison with the laser project- 
ing section 101Bk 2 , and thus it is preferable to use the 
two laser projecting sections 101 Bk with equal frequen- 
cy. 

[01 66] For this reason, the color digital copy machine 
according to the present embodiment has a structure in 
which the user inputs only the number of laser projecting 
sections 1 01 Bk to be used, and the laser projecting sec- 
tions 101 Bk used are sequentially switched for each la- 
ser scan. 

[0167] The flow-chart in Figure 19 shows operating 
steps during copying in the color digital copy machine 
according to the present embodiment. 
[0168] First, as in S81 of the flow-chart shown in Fig- 
ure 17, initial settings are made (S101), and next, after 
the user inputs the number (discretionary) of laser pro- 
jecting sections 101 Bk to be used in the second scan- 
ning mode (S1 02), the inputted number of laser project- 
ing sections 101 Bk is stored in a predetermined memory 
area of the main memory 43b (S103). Inputting of the 
number of laser projecting sections 1 01 Bk is performed 
by the user in a simulation mode entered by operating 
a specific key on the operating panel shown in Figure 5. 
[0169] As explained in the fifth embodiment above, 
the number of laser projecting sections 1 01 Bk which can 
be inputted by the user here is determined by the 
number of laser projecting sections 101Y, 101M, and 
101C used in the laser beam scanner units 37Y, 37M, 
and 37C for the other colors, and, in the present embod- 
iment, is one. 

[01 70] Then , in S1 1 1 , for all of the laser beam scanner 
units 37Y, 37M, 37C, and 37Bk for yellow : magenta, cy- 
an, and black, respectively, the laser control unit 104 is 
set so as to produce a laser scanning trigger each time 
a BD signal corresponding to a surface of the polygon 
mirror 102Y, 102M, 102C, or 102Bk is detected, and the 
laser beam scanner unit 37Bk for black is set so as to 
use only the number of laser projecting sections 101 Bk 
inputted by the user in S102 (here, one laser projecting 
section, lOIB^) . 

[0171] Then, in copying operations in S114, in the 
second scanning mode, the laser projecting section(s) 
101Bk used are switched for each laser scan (S115, 
S116). 

[0172] Except for S111, S114, S115, and S116 ex- 
plained above, the operations in S104 through S117 of 
the flow-chart shown in Figure 19 are equivalent to the 
operations in S84 through S96 (except for S92 and S95) 
of the flow-chart shown in Figure 17, and accordingly 
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explanation thereof will be omitted. 
[0173] Further, in the present embodiment, the laser 
projecting section(s) 101Bk used are sequentially 
switched for each laser scan during copying operations, 
but they may also be switched for each sheet of paper R s 

(SEVENTH EMBODIMENT) 

[01 74] The following will explain a further embodiment 
of the present invention with reference to Figure 20. 10 
Here, for ease of explanation, members having the 
same function as members of the first and fifth embod- 
iments above will be given the same reference symbols, 
and explanation thereof will be omitted. 
[01 75] The distinctive feature of the color digital copy is 
machine according to the present embodiment is that 
the number of laser projecting sections 101Bk to be 
used in the second scanning mode is automatically 
computed and designated from the process speed of 
color mode. 20 
[0176] The flow-chart in Figure 20 shows operating 
steps during copying in the color digital copy machine 
according to the present embodiment. 
[0177] In the present embodiment, after making initial 
settings in S121 as in S81 of the flow-chart shown in 25 
Figure 17, operations wait until there is a command to 
begin copying (S122), and when a command to com- 
mence copying is detected, pre-scan is performed 
(S1 23), and if, based on the results thereof, color mode 
is determined (S124), operations proceed to S129, 30 
where each BD 1 08Y, 1 08M, 1 08C, and 1 08Bk is turned 
ON so as to detect BD signals, thus informing the laser 
control unit 104 of the writing commencement position 
for each surface of the polygon mirrors 102Y, 102M, 
102C, and 102Bk. 35 
[0178] Then, in S130, the number of laser projecting 
sections 101Bk to be used in the laser beam scanner 
unit 37Bk for black in the second scanning mode is com- 
puted from the process speed of color mode. Here, the 
number of laser projecting sections 1 01 Bk to be used is 40 
computed as one, as in the other laser beam scanner 
units 37Y, 37M, and 37C, and thus only the laser pro- 
jecting section 101 B^ is designated for use. 
[0179] lnS131, for all of the laser beam scanner units 
37Y, 37M, 37C, and 37Bk for yellow, magenta, cyan, and 45 
black, respectively, the laser control unit 104 is set so 
as to produce a laser scanning trigger each time a BD 
signal corresponding to a surface of the polygon mirror 
102Y, 102M, 102C, or 102Bk is detected, and the laser 
beam scanner unit 37Bk for black is set so as to use so 
only the number of laser projecting sections 101 Bk com- 
puted and designated in S130 (here, only the laser pro- 
jecting section 101 Bk.,). 

[01 80] In this way, preparations are made for copying 
operations in the second scanning mode, in which each 55 
of the laser beam scanner units 37Y, 37M, and 37C for 
yellow, magenta, and cyan, respectively, uses (of 
course) a single laser projecting section 101Y, 101M, 



and 101C, respectively, and the laser beam scanner unit 
37Bk for black uses only the laser projecting section 
101 Bk-, of the two laser projecting sections 101 B^ and 
101 Bk 2 . 

[0181] Except for S130 explained above, the opera- 
tions in S122 through S135 of the flow-chart shown in 
Figure 20 are equivalent to the operations in S84 
through S96 of the flow-chart shown in Figure 17, and 
accordingly explanation thereof will be omitted. 
[0182] In the foregoing laser recording section for 
monochrome image formation, the first and second 
scanning modes can be realized without changing rota- 
tion speed of the polygon mirror by, for example, per- 
forming laser scanning using all of the surfaces of the 
polygon mirror in the first scanning mode, and perform- 
ing laser scanning skipping certain surfaces of the pol- 
ygon mirror in the second scanning mode. 
[0183] Further, in the second scanning mode, when 
certain mirror surfaces of the polygon mirror are to be 
skipped, it is preferable to skip surfaces such that a plu- 
rality of surfaces are used. This is because in a structure 
in which, for example, one predetermined surface 
among the plurality of surfaces is used, uneven deflec- 
tion of that surface markedly appears in the copy image, 
and image distortion arises due to the uneven deflection 
in the primary scanning direction. By using a plurality of 
surfaces, a good image free of uneven deflection in the 
primary scanning direction can be obtained. 
[0184] Further, in the second scanning mode, when 
certain mirror surfaces of the polygon mirror are to be 
skipped, it is preferable to skip surfaces such that the 
intervals between the surfaces used are uniform. This 
is because, when using, for example, three surfaces of 
a hexagonal polygon mirror, a case of use of three ad- 
jacent surfaces and a case of use of every other surface 
have the same scanning densities on the macro level, 
but on the micro level, the respective scanning densities 
are different, which leads to unevenness. With uniform 
intervals between the surfaces used, a state can be 
achieved in which there is no difference in scanning den- 
sity even on the micro level, thus contributing to im- 
provement of image quality. 

[01 85] Further, when preparing data from one surface 
of the polygon mirror, a certain amount of time is nec- 
essary. In view of this fact, if surfaces are skipped as 
above, the surfaces used are not adjacent, and thus suf- 
ficient time can be devoted to data processing. As a re- 
sult, this has the advantages of reducing the cost of the 
image processing substrate, and making it comparative- 
ly easier to control the timing of control operations. 
[0186] Further, when skipping mirror surfaces such 
that the interval between the surfaces used is fixed, it is 
preferable to control laser scanning in the second scan- 
ning mode by providing a sensor in a position prior to a 
writing commencement position of the laser light, which 
senses the laser light and outputs signals corresponding 
to each surface of the polygon mirror, and by dividing 
these signals in accordance with the surfaces to be 
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used. 

[0187] The signals outputted by the sensor directly 
contain the driving state ot the motor which rotates the 
polygon mirror, and thus scanning timing can be pre- 
cisely controlled in response to misalignment ot timing s 
due to fine fluctuations, etc. 

[0188] Further, when skipping mirror surfaces such 
that the interval between the surfaces used is fixed, it is 
preferable to divide, in accordance with the surfaces to 
be used, a first laser scanning clock, which controls la- 10 
ser scanning in the first scanning mode, thereby produc- 
ing a second laser scanning clock, and use the second 
laser scanning clock to control laser scanning in the sec- 
ond scanning mode. 

[0189] When, for example, laser scanning in the sec- is 
ond scanning mode is controlled by providing, in a po- 
sition prior to a writing commencement position of the 
laser light, the foregoing sensor, which senses the laser 
light and outputs signals corresponding to each surface 
of the polygon mirror, and by dividing these signals in 20 
accordance with the surfaces to be used, unevenness 
among sensors must be taken into account, but here, 
since the second scanning clock is produced on the ba- 
sis of a first scanning clock produced by dividing, for ex- 
ample, a base clock, unevenness among sensors need 25 
not be taken into account. For this reason, provided the 
operating state is normal, with few fine fluctuations, etc., 
scanning timing can be controlled more precisely in the 
present structure 

[0190] Further, in the foregoing laser recording sec- 30 
tion for monochrome image formation, the first and sec- 
ond scanning modes can be realized without changing 
rotation speed of the polygon mirror by, for example, 
providing the laser recording section for monochrome 
image formation with more laser light sources than each 35 
laser recording section for color image formation is pro- 
vided with, and performing laser scanning using all of 
the laser light sources in the first scanning mode, and 
skipping certain laser light sources in the second scan- 
ning mode. 40 
[0191] Further, in an image-forming device according 
to the present invention, when certain of the laser light 
sources are to be skipped in the second scanning mode, 
it is prelerable to switch the laser light source(s) used 
such that each laser light source is used once every pre- 45 
determined cycle. This is because if, for example, a cer- 
tain laser light source among the plurality of laser light 
sources is always used, its life will be shortened in com- 
parison with the others. By using each laser light source 
once every predetermined cycle, the lives of the plurality so 
of laser light sources can be equalized. 
[0192] Further, in an image-forming device according 
to the present invention, when certain of the laser light 
sou rces are to be skipped in the second scanning mode, 
it is preferable to skip laser light sources such that the 55 
intervals between the laser light sources used are uni- 
form. This is because, when using, for example, three 
out of six laser light sources, a case of use of three ad- 



jacent laser light sources and a case of use of every oth- 
er laser light source have the same scanning densities 
on the macro level, but on the micro level, the respective 
scanning densities are different, which leads to uneven- 
ness. With uniform intervals between the laser light 
sources used, a state can be achieved in which there is 
no difference in scanning density even on the micro lev- 
el, thus contributing to improvement of image quality. 
[01 93] Further, in an image-forming device according 
to the present invention, when forming monochrome im- 
ages, laser light sources in the laser recording section 
for monochrome image formation may be skipped, us- 
ing a number of laser light sources differing from the 
numbers used in the foregoing first and second scan- 
ning modes. With this structure, a scanning density dif- 
ferent from those of the foregoing modes can be easily 
realized without changing rotation speed of the polygon 
mirror. 

[0194] In the image-forming device according to the 
present invention, the image-forming section may be 
given a structure having a plurality of photoreceptors, 
one for each color. Unlike a multiple revolution process 
color image-forming device provided with only one pho- 
toreceptor a color image-forming device with a tandem 
structure, i.e., one with a photoreceptor for each color, 
in order to create a difference in copying speed between 
monochrome and color modes, requires a method of in- 
creasing process speed and setting a faster scanning 
speed (writing speed) of each laser recording section. 
For this reason, by adopting the structure of the present 
invention, switching from monochrome to color mode, 
especially, can be performed instantaneously which is 
effective in improving the operating efficiency of copy- 
ing. 

[01 95] Each ol the foregoing embodiments discussed 
examples of color digital copy machines which used a 
polygon mirror as a rotating polygon for reflecting laser 
light, but the present invention may be applied to any 
color digital copy machine which uses a rotating polygon 
having a plurality of reflective surfaces. 
[0196] Further, each of the foregoing embodiments 
discussed examples which, when bringing the respec- 
tive scanning densities of the laser recording sections 
for monochrome image formation and color image for- 
mation into conformity without changing rotation speed 
of the polygon mirrors, made use of either a method of 
skipping certain surfaces of the polygon mirror of the la- 
ser recording section for monochrome image formation 
or a method of skipping certain laser light sources of the 
laser recording section for monochrome image forma- 
tion, but equivalent effects may be obtained by using a 
combination of both methods, or by switching between 
the two methods as necessary. 

[0197] Further, each of the foregoing embodiments 
discussed examples of color digital copy machines of 
the tandem type, but in a multiple revolution process 
color digital copy machine provided with a single pho- 
toreceptor drum, as well, increasing process speed and 
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scanning speed of the laser beam scanner unit for black 2. 
during monochrome mode can realize a structure in 
which monochrome copying speed is even faster than 
the conventional monochrome copying speed of four 
times that of color copying, and accordingly, the present $ 
invention may also be applied to this kind of structure. 
[01 98] Further, in each of the foregoing embodiments, 
the second scanning mode was always set, but since 
color copying is possible using the toners of the three 
colors yellow, magenta, and cyan, without using the 10 3. 
black toner, a mode may also be provided in which, 
when, for example, the black toner has run out, color 
copying is performed using the toners of the three colors 
yellow, magenta, and cyan. In this way, even if the black 
toner runs out, the copy machine can continue to be is 
used, thus improying operation rate thereof. 
[0199] The embodiments and concrete examples of 
implementation discussed in the foregoing detailed ex- 
planation of the present invention serve solely to illus- 
trate the technical contents of the present invention, 20 
which should not be narrowly interpreted within the limits 
of such concrete examples, but rather may be applied 
in many variations without departing from the spirit of 4. 
the present invention and the scope of the patent claims 
set forth below. 25 



Claims 

1. A color image-forming device comprising: 30 5. 

an image-forming section, provided with a re- 
cording section for color image formation and 
a recording section for monochrome image for- 
mation, each of which performs optical scan- 35 
ning of a photoreceptor by using a rotating pol- 
ygon having a reflective mirror on at least one 
surface thereof to guide to said photoreceptor 
light modulated in accordance with image infor- 6. 
mation; said image-forming section forming an 40 
image based on image information formed on 
said photoreceptor; and 
process speed switching means, which switch 
process speed of said image-forming section 
such that process speed during forming of mon- 45 
ochrome images is faster than during forming 
of color images; 

said recording section for monochrome image 
formation being provided with a first scanning 
mode, which corresponds to a high process so 
speed, and a second scanning mode, which 
corresponds to a low process speed, and which 
performs scanning with a scanning density 7. 
equivalent to that of said recording section for 
color image formation, without changing rota- ss 
tion speed of said rotating polygon having a re- 
flective mirror on at least one surface thereof. 



The color image-forming device set forth in claim 1 , 
further comprising: 

control means, which produce control signals 
for driving a light source which projects the light, 
such that the respective scanning densities of said 
recording section for monochrome image formation 
and said recording section for color image formation 
are equal. 

The color image-forming device set forth in claim 2, 
wherein: 

said rotating polygon has reflective mirrors on 
a plurality of surfaces thereof; and 
the control signals produced by said control 
means in the second scanning mode are sig- 
nals which, by skipping certain reflective mirror 
su rfaces of said rotating polygon, use a number 
of reflective mirror surfaces thereof which is 
smaller than a number of reflective mirror sur- 
faces thereof used in the first scanning mode. 

The color image-forming device set forth in claim 3, 
wherein: 

the control signals produced by said control 
means in the first scanning mode are signals which 
perform optical scanning using all of the reflective 
mirror surfaces of said rotating polygon. 

The color image-forming device set forth in claim 3, 
wherein: 

when skipping certain reflective mirror surfac- 
es of said rotating polygon in the second scanning 
mode, the control signals produced by said control 
means are signals which skip reflective mirror sur- 
faces such that intervals between reflective mirror 
surfaces used are uniform. 

The color image-forming device set forth in claim 3, 
further comprising a sensor which senses light, pro- 
vided adjacent to said photoreceptor in a position, 
with respect to a scanning direction of the light, prior 
to a writing commencement position of the light, 
wherein: 

when skipping certain reflective mirror surfac- 
es of said rotating polygon in the second scanning 
mode, the control signals produced by said control 
means are signals which divide an output from said 
sensor, corresponding to each reflective mirror sur- 
face of said rotating polygon, according to a number 
of reflective mirror surfaces to be used. 

The color image-forming device set forth in claim 3, 
wherein: 

when skipping certain reflective mirror surfac- 
es of said rotating polygon in the second scanning 
mode, the control signals produced by said control 
means are a second clock prepared by said control 
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means by dividing a first clock, for control of optical 
scanning in the first scanning mode, according to a 
number of reflective mirror surfaces to be used. 

8. The color image-forming device set forth in claim 3, s 
wherein: 

in the second scanning mode, the control sig- 
nals produced by said control means are signals for 
performing optical scanning using a plurality of the 
reflective mirror surfaces of sard polygon mirror. io 

9. The color image-forming device set forth in claim 1 , 
including a plurality of photoreceptors, one for each 
color. 

15 

10. The color image-forming device set forth in claim 3, 
wherein: 

said recording section for monochrome image 
formation includes a greater number of light 20 
sources than does each said recording section 
for color image formation; and 
the control signals produced by said control 
means in the second scanning mode are sig- 
nals which, by skipping certain light sources, 25 
use a number of light sources which is smaller 
than a number of light sources used in the first 
scanning mode. 

11. The color image-forming device set forth in claim 30 
10, wherein: 

the control signals produced by said control 
means in the first scanning mode are signals which 
perform optical scanning using all of the light sourc- 
es. 35 

12. The color image-forming device set forth in claim 
10, wherein: 

when skipping certain light sources in the sec- 
ond scanning mode, the control signals produced 40 
by said control means are signals which switch the 
light source(s) used such that each light source is 
used once every predetermined cycle. 

13. The color image-forming device set forth in claim 45 
10, wherein: 

when skipping certain light sources in the sec- 
ond scanning mode, the control signals produced 
by said control means are signals which skip light 
sources such that intervals between light sources so 
used simultaneously are uniform. 

14. The color image-forming device set forth in claim 1 , 
wherein: 

said rotating polygon is a polygon mirror. ss 

15. The color image-forming device set forth in claim 
14, wherein: 



said polygon mirror has from four to eight sur- 
faces, inclusive. 

16. The color image-forming device set forth in claim 2, 
wherein: 

said recording section for monochrome image 
formation includes a greater number of light 
sources than does each said recording section 
for color image formation; and 
the control signals produced by said control 
means in the second scanning mode are sig- 
nals which, by skipping certain light sources, 
use a number of light sources which is smaller 
than a number of light sources used in the first 
scanning mode. 

17. The color image-forming device set forth in claim 
16, wherein: 

the control signals produced by said control 
means in the first scanning mode are signals which 
perform optical scanning using all of the light sourc- 
es. 

18. The color image-forming device set forth in claim 
16, wherein: 

when skipping certain light sources in the sec- 
ond scanning mode, the control signals produced 
by said control means are signals which switch the 
light source(s) used such that each light source is 
used once every predetermined cycle. 

19. The color image-forming device set forth in claim 
16, wherein: 

when skipping certain light sources in the sec- 
ond scanning mode, the control signals produced 
by said control means are signals which skip light 
sources such that intervals between light sources 
used simultaneously are uniform. 

20. The color image-forming device set forth in claim 1 , 
wherein: 

a parameter for changing the process speed 
is surface speed of said photoreceptor. 

21 . The color image-forming device set forth in claim 1 , 
wherein: 

a parameter for changing the process speed 
is transport speed of recording paper. 

22. The color image-forming device set forth in claim 3, 
further comprising: 

an operating section for inputting a number of 
refl ctive mirror surfaces of said rotating polygon to 
be used when skipping reflective mirror surfaces in 
the second scanning mode. 

23. The color image-forming device set forth in claim 
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10, further comprising: 

an operating section for inputting at least one 
of: light source(s) to be used, a number of light 
sources to be used, and a number of reflective mir- 
ror surfaces of said rotating polygon to be used, s 
when skipping light sources or reflective mirror sur- 
faces in the second scanning mode. 

24. The color image-forming device set forth in claim 

16, further comprising: 10 

an operating section for inputting light source 
(s) to be used when skipping light sources in the 
second scanning mode. 

25. The color image-forming device set forth in claim 1$ 
16, further comprising: 

an operating section for inputting a number of 
light sources to be used when skipping light sources 
in the second scanning mode. 

20 

26. The color image-forming device set forth in claim 3, 
further comprising: 

a sensor which senses light, provided adjacent 
to said photoreceptor in a position, with respect 2S 
to a scanning direction of the light, prior to a 
writing commencement position of the light; 
and 

an operating section for inputting a ratio for 
skipping outputs from said sensor, which corre- 30 
spond to reflective mirror surfaces of said rotat- 
ing polygon, when skipping certain outputs in 
the second scanning mode. 

27. The color image-forming device set forth in claim 35 
10, further comprising: 

a sensor which senses light, provided adjacent 
to said photoreceptor in a position, with respect 
to a scanning direction of the light, prior to a 40 
writing commencement position of the light; 
and 

an operating section for inputting a ratio for 
skipping outputs from said sensor, which corre- 
spond to reflective mirror surfaces of said rotat- 45 
ing polygon, when skipping certain outputs in 
the second scanning mode. 

28. The color image-forming device set forth in claim 

16, further comprising: so 

a sensor which senses light, provided adjacent 
to said photoreceptor in a position, with respect 
to a scanning direction of the light, prior to a 
writing commencement position of the light; ss 
and 

an operating section for inputting a ratio for 
skipping outputs from said sensor, which corre- 



spond to reflective mirror surfaces of said rotat- 
ing polygon, when skipping certain outputs in 
the second scanning mode. 

29. A method of forming images by using a rotating pol- 
ygon having a reflective mirror on at least one sur- 
face thereof to optically scan a photoreceptor, 
wherein: 

when forming images at a first process speed 
or at a second process speed slower than said 
first process speed, said rotating polygon is ro- 
tated at a fixed speed; 

a plurality of light sources and/or a plurality of 
reflective surfaces of said rotating polygon is 
provided; and 

by selecting said plurality of light sources and/ 
or said plurality of reflective surfaces, and skip- 
ping certain of said plurality of light sources 
and/or said plurality of reflective surfaces, 
scanning density of said photoreceptor is fixed 
in a laser beam scanner unit for black and in 
laser beam scanner unit(s) for color(s), regard- 
less of process speed. 

30. A color image forming apparatus having a color im- 
age recording section and a monochrome image re- 
cording section, each having a rotary polygonal mir- 
ror for scanning a respective photoreceptor with 
light which is modulated respectively in accordance 
with color image and monochrome image data and 
means for image recording in accordance with the 
image data held on the photoreceptor, the appara- 
tus being selectively operable in a color image form- 
ing mode involving image recording using both said 
monochrome and color image recording sections, 
and in a monochrome image forming mode involv- 
ing image recording using only said monochrome 
image recording section, the process speed being 
faster in the monochrome image forming mode than 
in the color image forming mode, but the rotational 
speed of the polygonal mirror of the monochrome 
image recording section being the same in said 
monochrome and color image forming modes. 

31 . A color image forming apparatus having a color im- 
age recording section and a monochrome image re- 
cording section, each having a rotary polygonal mir- 
ror for scanning a respective photoreceptor with 
light which is modulated respectively in accordance 
with color image and monochrome image data and 
means for image recording in accordance with the 
image data held on the photoreceptor, the appara- 
tus being selectively operable in a color image form- 
ing mode involving image recording using both said 
monochrome and color image recording sections, 
and in a monochrome image forming mode involv- 
ing image recording using only said monochrome 
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image recording section, the scanning repetition 
rate in the monochrome image recording section 
being faster in the monochrome image forming 
mode than in the color image forming mode, but the 
rotational speed of the polygonal mirror of the mon- 5 
ochrome image recording section being the same 
in said monochrome and color image forming 
modes. 
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(54) Color image-forming device 

(57) In conventional color digital copy machines, 
when copying in color mode, the polygon mirror of the 
laser beam scanner for black, which is driven at a higher 
speed than those of the other colors, is switched to a 
slower speed in conformity with the speed of the polygon 
mirrors for the other colors. However, a drawback of this 
structure is that, especially when switching from mono- 
chrome to color mode, the time required to obtain the 
first copy is lengthened, and the operating efficiency of 
copying is poor. In the present invention, when copying 
in color mode, the rotation speed ot the polygon mirror 
of the laser scanner unit for black is not changed at all, 
but, by skipping certain mirror surfaces of the polygon 
mirror, and/or by skipping certain of a plurality of laser 
light sources, the scanning density of the laser scanner 
unit for black can be brought into conformity with that of 
the laser scanner units for the other colors. 
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